(500 1U) compared with 300 pg used in the Canadian 
work. 3 

Widespread administration of anti-D immuno¬ 
globulin antenatally in this regimen would not be 
possible at present because of limited supply from 
a decreasing pool of immunised donors. Immuno¬ 
globulin produced by genetic engineering, however, 
may be available soon, and trials are planned to study 
the effectiveness of even lower doses. 

When studying a treatment regimen for any side 
effects it is important to avoid the bias created by 
considering only untoward consequences. Unexpected 
benefits are also possible, and we paid particular 
attention to any effects anti-D immunoglobulin may 
have had on the incidence of hypertensive disease 
such as pre-eclampsia. Some evidence suggests that 
previous blood transfusions may reduce the inci¬ 
dence,’- and possibly some blood products also do so. 
The data collected, however, though not contradicting 
this hypothesis, showed no significant difference. 
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Abstract 

Objective —To examine the relation between 
damp and mould growth and symptomatic ill health. 

Design— Cross-sectional study of random sample 
of households containing children; separate and 
independent assessments of housing conditions (by 
surveyor) and health (structured interview by trained 
researcher). 

Setting— Subjects 1 homes (in selected areas of 
public housing in Glasgow, Edinburgh, and London). 

Subjects —Adult respondents (94% women) and 
1169 children living in 597 households. 

End points —Specific health symptoms and 
general evaluation of health among respondents and 
children over two weeks before interview; and score 
on general health questionnaire (only respondents). 

Measurements and main Damp was 

found in 184 (30*8%) dwellings and actual mould 
growth in 274 (45*9%). Adult respondents living in 
damp and mouldy dwellings were likely to report 
more symptoms overall, including nausea and 
vomiting, blocked nose, breathlessness, backache, 
fainting, and bad nerves, than respondents in dry 
dwellings. Children living in damp and mouldy 
dwellings had a greater prevalence of respiratory 
symptoms (wheeze, sore throat, runny nose) and 
headaches and fever compared with those living in 
dry dwellings. The mean number of symptoms was 
higher in damp and mouldy houses and positively 
associated with increasing severity of dampness and 
mould (dose response relation). All these differences 
persisted after controlling for possible confounding 
factors such as household income, cigarette 
smoking, unemployment, and overcrowding. Other 
possible sources of bias that might invalidate the 
assumption of a causal link between bousing con¬ 
ditions and ill health—namely, investigator bias, 
respondent bias, and selection bias—were also con¬ 
sidered and ruled out. 

Conclusion—Damp and mouldy living conditions 


have an advene effect on symptomatic health, 
particularly among children. 

Introduction 

Showing a direct relation between damp housing 
and ill health is by no means straightforward. Firstly, 
those living in the worst housing conditions are likely 
to be experiencing other forms of adversity, such as 
low income and unemployment l Secondly, personal 
behaviour may also play a pan in the causation of ill 
health. An equally important methodological concern 
is the process of the diata collection itself. If informa¬ 
tion about health and housing conditions is elicited in 
the same interview respondents may exaggerate the 
prevalence of problems, leading to a spurious associa¬ 
tion between the two phenomena. Moreover, the 
researchers themselves may influence reporting. 

In 1986 we carried out a preliminary study in Edin¬ 
burgh, which attempted to overcome these methodo¬ 
logical difficulties by using a double blind research 
design.’ Children living in damp houses, particularly 
where there was also mould growth, were reported to 
have higher rates of respiratory and gastrointestinal 
symptoms, aches and pains, and fever than children 
in dry dwellings. These differences could not be 
attributed to smoking or differences between damp 
and dry households regarding unemployment, income, 
overcrow ding, or duration of tenancy . The numbers of 
households that included a child was not large enough 
(n-101)* however, to permit a full analysis of the role 
of other possible confounding variables. Accordingly, 
we carried out a larger scale, more detailed investiga¬ 
tion. 

Subjects and methods 

The study was conducted in three major cities: 
Edinburgh, Glasgow, and London. Within each city 
discrete geographical areas of public housing were 
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identified in which (a) families with voting children 
predominated; (6) the prevalence of damp housing was 
thought to be in the range of25-50% of iota! dwellings; 
(c) socioeconomic state was likely to be fairly homo¬ 
geneous; and (d) types of housing and structures of 
buildings, including any renovations, could be clearly 
specified. Two sites were chosen in Edinburgh, two in 
Glasgow, and one in London. Tenants’ groups were 
contacted and their cooperation elicited. Lists of 
addresses at the chosen sites were obtained from the 
relevant housing departments. The intention was 
to achieve a sample of 500 eligible households in 
Edinburgh and in Glasgow and 200 in London: A 
random sample of addresses was drawn according to 
the total number of dwellings in the area. 

Only those households with at least one child aged 
under 16 were eligible for inclusion in the study. As 
official statistics on the exact location of families with 
young children were not available the sample was 
identified in two ways: (a) at the time of the main health 
interview (see below) the interviewers identified suit¬ 
able families by contacting each dwelling on the list; 
and (b) in two of the sites members of the tenants’ 
association identified addresses on the list containing 
families who met the study criteria. 

Two surveyors carried out an assessment of damp¬ 
ness (severity and type) and mould (severity and 
location) and details of the structure of die dwelling. 
Using an air sampler (Surface Air Systems) they 
extracted air samples from rooms and, where visible 
mould growth was present, a sample from each 
affected room was collected. A microbiologist esti¬ 
mated spore counts from the air samples and identified 
the fungi from air and walls when possible. 

We devised and pretested two survey forms. The 
form for the house conditions survey contained items 
on type of building, location, number of rooms, 
dampness, mould, ventilation, insulation, and reno¬ 
vations. The health survey was a revised version of that 
used by Martin ei al.' In the course of a structured 
interview the respondent (whenever possible the 
female householder) answered detailed questions 
about her own and her children’s health during the past 
two weeks; smoking bv all adults and children; type of 
heating, washing, and drying facilities; presence of 
pets; economic activity and occupation of all adults 
in the household; household income; and housing 
conditions and facilities. 

The study was carried out during February-ApriJ 
1988. Once the health interview bad been completed 
the surveyors w*ere instructed to visit the dwelling. The 
petri dishes containing air and wall mould samples 
were taken each day to the University of Strathclyde, 
where they were refrigerated and cultured. Air spore 
counts were calculated and fungi identified when 
possible. The surveyors and the microbiologist were 
blind to each other’s findings and also to the findings of 
the health survey team. 

We used four categorical independent variables re¬ 
lating to housing conditions. Households that received 
a house conditions survey were classified into three 
groups: those where there was no objective evidence of 
dampness or mould growth (dry), those with only 
damp, and those with mould (whether or not dampness 
was also present). The overall dampness in the house¬ 
hold was calculated by averaging the score for each 
bedroom, sitting room, and kitchen on a four point 
scale of severity (0*nohe; 3=severe). Households in 
which the average dampness score exceeded zero 
(no dampness whatsoever) were divided into three 
approximately equal sized groups labelled mild (score 
ranging between 0 01 and 0-52), moderate (0-53 to 
1*05), and severe (£1*06). A similar procedure was 
adopted to divide households into four groups differ¬ 
ing in average severity of mould (none, mild (0 01 to 


0-45), moderate (0-46 to 077), and severe 78;)., 

The spore concentration per m’ air was measured in 
the kitchen, living room, and bedrooms of households 
in Edinburgh and Glasgow visited by the surveyors. 
On the basis of preliminary work in Edinburgh (B 
Flanagan and C A Hunter, unpublished data) and 
elsewhere-'* we devised a five point scale /coded 1 to 5>: 
low (<100 viable spores/m' air), medium (101-300;, 
high (301-1000), very high (1001-5000;, and extremely 
high (>5000). The household spore concentration was 
the mean score on the scale per available room. A new- 
variable was created by dividing this mean score into 
three groups: low (scoring 1), medium (101 to 2 00); 
and high (>2). 

To ensure that the relation between housing con¬ 
ditions and ill health was not invalidated by covariation 
with other variables several possible confounding 
factors were also examined, particularly cigarette 
smoking in the household (no/ves), respondents’cigar¬ 
ette smoking (no/yes), net household income (above 
median (£80)/below median), overcrowding (less than/ 
more than 1 *5 people per room); employment in the 
household (somebody employed/nobody employed); 
and employment state of the respondent (employed/ 
unemployed, no paid employment). 

The respondent was asked to report on the presence 
of 16 specific symptoms seen in the past two weeks in 
any child (aged 0-15) living in the household. We 
devised tw*o summary symptom scores relating to 
children: the unadjusted score being the total number 
of symptoms among all children in the household and 
the adjusted score being the total of symptoms divided 
by the number of children —that is, the mean number 
of symptoms per child. Another summary dependent 
variable for children was the mean score on health 
evaluation derived from the respondent’s general 
evaluation of each child on a scale of 1 (excellent) to 5 
(very' poor). The respondent was also asked to report 
whether she had suffered from any of 17 specific symp¬ 
toms over the past fortnight l A summary symptom 
score vas merely the sum of individual symptoms. In 
addition, the respondent was asked to rate her general 
health on the same five point scale used for children 
and to complete the 30 item general health question¬ 
naire (range 0-30); here used as a general indicator of 
psychological distress. Finally, w*e inquired about 
medical treatment for symptoms and the presence of 
a recurrent or longstanding illness among both re¬ 
spondents and children. 

Univariate analyses of the relation between each 
independent variable and dependent variables were 
carried out with y; tests (categorical variables) or one 
way analysis of variance (metric variables). Subse¬ 
quently, multivariate analyses were performed to 
examine the association between housing conditions 
and ill health after controlling for possible confounding 
factors. When the response variable was binary/ 
categorical we used logistic linear regression analysis*; 
for metric response variables we used analysis of 
covariance. The extent of any dose-response relation 
between severity of dampness, mould growih; and air 
spore concentration and health was assessed by means 
of tau o (categorical variables) and the Pearson 
correlation coefficient (metric variables), Identical 
results were obtained with respect to metric variables 
transformed to base 10 logarithms. Only original 
values are reported below*. 

On the basis of previous work we expected to find a 
distinct effect of adverse housing conditions on respira¬ 
tory and gastrointestinal symptoms in children and on 
emotional distress in adults. Evidence of a dose 
response relation was considered to be particularly 
relevant in assessing the likelihood of a causal impact of 
dampness and mould on symptomatic health. 

For the purposes of this report the results from 
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Edinburgh, Glasgow, and London have been com* 
bined. (Although the prevalence of damp and mould 
varied in each city, there were no pronounced differ¬ 
ences in the association between housing conditions 
and symptomatic health state between cities.) 

Results 

RATES OF RESPONSE 

Of 1220 households with children eligible for inclu¬ 
sion in the study, a health interv iew was secured in 891 
(73-0%); 156 (12-8%) respondents refused to be inter¬ 
viewed, and 173 (14 2%) could not be contacted. 
Surveyors completed their investigations of housing 
conditions in 597 households, constituting 48*9% of 
eligible households and 67 0% of those who had the 
health interview. A comparison between surveyed 
(n- 597) and non-surveyed (n=294) households 
showed no differences in sociodemographic charac¬ 
teristics, such as gender, marital state, household size 
(including number of children), social class, and 
overcrowding, or regarding disposable income, cigar¬ 
ette smoking, length of time at current address, 
presence of pets, or self-reported damp or mould. The 
only significant difference concerned employment: 
131 (22%) respondents in surveyed households were 
employed compared with 100 (34%) respondents in 
non-surveyed households(/;= 12*54, df= l,.p<0-001); 
corresponding figures for any adult in employment 
were 257 (43%);and 156 (53%), respectively (y;=7'55, 
df=l, p<0 01), 

All subsequent analyses were based on the 597 
households, containing 1169 children, that received 
both a housing survey and a health interview. 

COMPARISON OF THREE HOUSING CONDITIONS GROUPS 

Oui of the 597 households, only 184 (30-8%) were 
free from damp or mould (dry), In 139 (23*3%) 
households surveyors found evidence of damp and in 
274 ( 4519 %, of which all but nine were also damp) 
actual mould growth was visible. The three housing 
conditions groups (dry, only damp, mouldy)were 
compared for descriptive purposes on a number of 
background (sociodemographic and other) variables. 
(It was, of course, recognised that a variable could 
act as a confounder even if it did not differentiate 
significantly between groups.) Only one significant 
difference emerged: respondents living in dry house¬ 
holds had been living an average of 5*9 (SD 4*9) years 
at the address compared with 4*8 (4*1) years among 
respondents in damp houses and 6 4 (5*5) years among 

T\8LE i — Respondent's health during pa if rrro neeks by housing condition!. Figures are numbers 

percentages ■ unless stated othennse 


S' mptom 

Housing conditions 

Significance 

No damp 
or mould 
n« 184 1 

Damponk 
.n-139 

M6ulJ 

n«274 

X 

Degrees 

of 

freedom 

P 

Vilie 


76 41 3 

69 SO 0 

141 Sl!5. 

4 i* 

2 

0089 

H if h hk>*i prtuurc 

9.4-9, 

7lSI, 

22 8-0' 

2 33 

2 

0 312 

Persistent cough 

JO >16 3, 

27vl9 4, 

M.2J-4) 

3 47 

2 

0 177 

Bad nerves 

3V 19 0, 

31^22 3. 

10 29 2, 

662 

2 

0036 

\8 herring 

19 10 3, 

I7<12 2,. 

37*13 6, 

107 

2 

0517 

Aching Kimis 

28 »VZ. 

23.16 S > 

65 23 7. 

605 

2 

0 049 

Skin pro hit cm 

26 14 1 

23 16 5 

43 17 7. 

0 39 

2 

0 825 

Persistent he ad as hcv 

49 26 6 

43 30*9 

75 27 4. 

082 

2 

0 664 

Nausea vomiting 

7,. 3*8* 

9!6M 

27 99 

6 17 

2 

0046 

Back ^ he 

41 22 3 

4*. 34 3,. 

81 29-6. 

6-13 

2 

0 047 

BimktJ mrst 

25; 11-6. 

18 12 9 

58 21 2 

6 53 

2 

0038 

Patpuaimns 

* 4 3* 

9 6 5.i 

22 8 0 

2 44 

2 

0 295 

Y aiming spells 

3 1 t6j 

12.86, 

17 6 2: 

8 37 

2 

0 015 

Diarrhea 

5 2 7 

9 6-5 • 

19 6 9 

4 06 

2 

0 131 

G*nisnpa«**sn 

116 0 

8. M> 

33.12 0, 

7 01 

2 

0029 

Breathlessness 

19 IO-3 

24 j 17*3, 

51 18 6, 

601 

2 

0 049 

F celling depressed 

SI ;27 7, 

47 1 33 8 1 

104 38 0 

SIS 

2 

0076 

Any symptom 

144.71 31 

1I3'8I 3 

217 79 '2 i' 

0 46 

2 

0 795 

Mean SD No of Kvmphem 

2 40 2 37. 

3 05 3 01. 

3 43 J 25, 

F *6 67 

2.594 

0 001 

Mean SD health; evaluation score 

2 41 0«5 

2-49/0 99 

2 66 0 97; 

F-4 09 

2.594 

0 017 

Mean bi) central hcatihsjucsti'innaire ss'tft 

< 74 7 12; 

6 87 7 78 

7 m\n. 55 

H*ll92 

2:585 

0 148 


respondents in mouldy houses (F=4 35, df=2,584, 
p<002); only the difference between damp and 
mouldy houses was significant (Scheffe test, p<0*05). 
Housing groups did not differ in number of children 
(mean (SD) 2*0 (10)), total number of household 
members (3* 8 (1*2)), respondent’s gender (559(93*6%) 
women), respondent’s marital 1 state (384 (64*3%) 
married), net household income (293 (49*0%) under 
£80 per week), respondent’s smoking (415, (69*5%)}, 
any smoker in household (476 (79*7%)); respondent 
employed (136 (22*8%)), any household member 
employed (259 (43*4%)), overcrowding (109 (18*3%)), 
presence of pets (269 (45*1%)), tenure of last house 
(465 (77 9%) council dwelling), reasons for moving 
from last dwelling (90 (15*0%) because of dampness; 
247 (41 4%) because of other problems with the house; 
26 (4*3%) for health reasons), and use of Calor gas 
healing (81 (13*5%)). Respondents in mouldy house¬ 
holds, however, reported more problems apart from 
the damp (especially noise, poor repair, and cold) than 
respondents in damp or dry households. (Mean (SD) 
problems 2*7 (1*5), 2*5 (1*6), and 2*2 (1*6), respec¬ 
tively; F=5*0, df*2,594, p<001). In particular, the 
prevalence of cold as a problem was reported in 
222 (81%), 100 (72%), and 114 (62%) households, 
respectively; x *20-4, df=2, p<0*00l). 

HOUSING CONDITIONS AND RESPONDENT’S HEALTH 

Table I shows the relation between prevalence of 
symptoms in the respondent and housing conditions. 
Significant differences between groups were found 
regarding bad nerves, aching joints, nausea and 
vomiting, backache, blocked nose, fainting spells, 
constipation, and breathlessness. The lowest propor¬ 
tion reporting symptoms was found in dry households; 
with only one exception (fainting spells) the highest 
proportion was found in mouldy households. Al¬ 
though housing conditions were unrelated to the 
presence of any particular symptom, there was a 
significant variation in the total number of symptoms 
and in the respondent's evaluation of her health. In 
particular, those living in mouldy houses scored 
significantly higher than those living in dry conditions 
(Scheffe test, p<0*05): The general health question¬ 
naire score was not related to housing conditions 
(table I). 

Preliminary univariate analyses had shown that 
only two of the possible confounding variables (re¬ 
spondent's economic position and cigarette smoking) 
were significantly associated with the presence or 
absence of individual symptoms. We therefore under¬ 
took a series of logistic regression analyses in which 
the dependent variables were the eight symptoms 
previously shown to be significantly associated with 
housing conditions. After controlling for the respond¬ 
ent’s economic position and cigarette smoking these 
differences remained significant for all eight dependent 
symptom variables (problem free households always 
having the lowest proportion of respondents positive 
for symptoms). 

The relation between housing conditions on the one 
hand and the total number of symptoms, health 
evaluation score, and general health questionnaire 
score on the other was further examined by means of 
analyses of covariance. After w*e controlled for length 
of time at address, other bousing problems (or cold 
alone), respondent’s economic position, respondent's 
cigarette smoking, and household income housing 
conditions remained significantly associated with the 
total number of symptoms (6 ranging between 0*10 
and 0 14, p<0*05 to <0*005), with those living in 
mouldy households reporting most and those in dry 
households fewest symptoms. Housing conditions 
were not significantly associated with health evaluation 
score after we controlled for other possible con- 




BMJ volume 298 24 June 1989 


1675 


»^a1irar£l«fliiriaTeWiTiUTiTATiTAiflTaiiisiaf/airaTa4iiflareJfltMirai^v^Taiar/ar«T«wirir A vaaiaiaiaa 


2023510326 



founding variables, and the relation with the genera) 
health questionnaire score remained non-significant. 

We examined the dose-response relation between 
the respondents’ symptoms and increasing severity of 
dampness, mould growth, and air spore concentration. 
Table 11 summarises the findings of these analyses. 


TABLE \\~ Respondent's health dunng past two weeks. Doit-respond 
relation ipith damp, mould, and air spore count. Figures are tau c 
values {p values) unless stated otherwise 


Symptom 

Dampness 
(Max n* 597) 

Mould growih Air spore count 
(Mix o> 589' (Max n- 485 

Tiredness 

0 09(0028.: 

0*06 '0 076 

-0 02(0 341 

High blood pressure 

0*04 (0 024' 

0*04 *0 027 

0 05 <0 017 

Persistent cough 

0 09(0 010- 

O 04 .o no. 

0 06.0 062 

Bad nerves 

0 07(0 036; 

0*09 0 008) 

0 Og,0 03U 

Wheezing 

0 05(0*047’ 

0-03 0 125: 

0 01 (0413: 

Aching tomis 

0 05(0 080* 

007 (0 022, 

0 06)0 083 

Skin problems 

0 03 v0 209} 

0*00 0 474 

0 06 0 063) 

Persistent headaches 

0 04(0 150 

-0 02 (0 279 

-O il (0 006 

Nausea-vomiting 

0*04(00+4) 

0*05 (0 0151 

0 02(0 230, 

Backache 

0 04 (0 167) 

<►02 (0 332) 

0 11 (0 009, 

Blocked nose 

0 11(0 001) 

0*08(0005) 

0 00 (0 451) 

Palpitations 

0*03(0*096); 

(►03(0 051) 

0-08(0 001 f 

Fainting spells 

0 05(0 0131; 

0 01(0 381) 

-0 01(0-289! 

Diarrhoea 

0 02(0 146 

0 02(0 109 

-0 01 (0 413- 

Constipation 

0 02 (0 271) 

0*04 (0*054- 

0-01 (0-414) 

Breathlessness 

0 09(0003 

<►05(0 057. 

0 08 (0-019, 

Feeling depressed 

0 06(0 081): 

<►08*0 026 

0-06.0-107 

Any symptom 

0 02 0 319 

-0 02(0 299 

0-00.0-482 

No of symptoms 

r =014f0001' 

r» 0-09(0*014' 

r-0 08 <0 039)1 

Health evaluation score r* 0 07 (O'047) 

r« 0*10 v0'008, 

r-005i0 115)! 

General health 




questionnaire 

r-0 06 0 082' 

r-0 06 <0 086 

r-0 0110-4)4)! 


There was a significant tendency for increasing severity 
of dampness to be associated with a greater prevalence 
of the following symptoms: tiredness, high blood 
pressure, persistent cough, bad nerves, wheezing, 
nausea and vomiting, blocked nose, fainting spells, 
and breathlessness. The greater the extent of mould 
growth the higher the proportion of respondents 
reporting high blood pressure, bad nerves, aching 
joints, nausea and vomiting, blocked nose, and feeling 
depressed. Finally, the concentration of the air spores 
was positively associated with high blood pressure, bad 
nerves, backache, palpitations, and breathlessness 
and negatively associated with persistent headaches. 
Overall; the total number of symptoms tended to 
increase u*ith higher degrees of dampness and mould 
and air spore concentration, while the health evalua¬ 
tion score was related only to severity of dampness and 
mould growth. No dose-response effect on the general 
health questionnaire score was evident. 

Respondents living in the three different housing 
conditions were compared regarding action taken 

TABLE III— Children's health during past two weeks by housing cambiums. Figures are number 

(percentages) an less staled otherwise 


Housing conditions Significance 


Symptom* 

No damp 
or mould 
(D* 184; 

Damp 

onH 

(0-139; 

Mould 

(n*274, 

Degrees 

of p 

X freedom Value 

Boddv aches-pains 

23(12-5) 

30(21-6) 

43(15 7) 

490 

2 

0 086 

Diarrhoea 

34(18-5) 

30(21 6) 

50(18-2) 

073 

2 

0694 

Wheezing 

30(16 3) 

26(18 7) 

74 (27 0) 

8 4] 

2 

0*015 

Vomiting 

22.12 0 

25(18 0) 

52 0 9*0, 

4-18 

2 

0 124 

Sore throat 

56(104- 

34(24-5, 

116(42 31 

14-99 

2 

<0 001 

lmtabiibv 

23(12 5, 

28(20 1) 

56(20 4, 

5 32 

2 

0 070 

Tiredness 

25(13 6) 

28(20 11 

48 07-5) 

2 55 

2 

0 279 

Persistent headaches 

23tl2-5) 

19(13 7) 

58(21-2) 

7*16 

2 

0028 

Earache 

27(14 7, 

15(10 8 

4707-2; 

295 

2 

0 228 

Fever-high temperature 

21(11*4) 

25(18 0. 

67(24-5) 

12*30 

2 

0-002 

Fcebng depressed'unhappy 

20(10*9) 

25(18*0) 

42 05-3) 

345 

2 

0 171 

Temper tantrums 

37120* I > 

37(26*6; 

74 v 27-0. 

3 13 

2 

0 209 

Bedwetting 

41(22-3) 

29(20-9) 

64(23-4) 

0-33 

2 

0 846 

Poor appetite 

31(16-8) 

37(26-6) 

68(24-8) 

549 

2 

0*064 

Persistent cough 

57(31 0; 

52(37*4) 

117(42-7; 

445 

2 

0*040 

Runny nose 

72(39-1) 

56(40 3)! 

139(50 7) 

7*43 

2 

0024 

Any symptom 

147(79-9) 

119(85 6) 

248 (90-5) 

10 41 

2 

0 006 

Mein (SD‘ No of symptoms 

3 73(3-95) 

4 39(4*63V 

5-44 (5*191 

F*7 56 

2,594 

<0001 

Mean (SD) No of Symptoms per child 

2*04(1-98. 

2 46*2 36) 

2 86(2*43). 

F-723 

2,594 

<0*001 

Mean (SD; health: evaluation score 

2 24(0 89. 

2*30(0-91 < 

2-41(0 94, 

F-l 98 

2,592 

0*140 

•Symptom; present in any child living in household 


during the past two weeks to deal with symptoms and 
presence of recurrenti and long-standing illness. No 
significant differences were found. 

HOUSING CONDITIONS AND CHILDREN’S HEALTH 

Table III shows the prevalence of symptoms among 
children in the household by housing conditions. 

Significant differences were found regarding wheezing, 
sore throat, persistent headache, fever and high tem¬ 
perature, persistent cough, and runny nose. The 
highest proportion reporting these symptoms was 
always found in mouldy households; with only one 
exception (sore throat) the lowest proportion with 
symptoms was found in the dry households. Not only 
was there a significant difference in the proportion with 
any symptom (147 (79 9%) in dry households, 119 
(85-6%) in damp houses, 248 (90-5%;; in mouldy 
houses) but the mean number of symptoms (overall 
and per child) also differed significantly and in the 
same direction. The mean child health evaluation score 
was not significantly different between groups (table 
III)j 

In our preliminary univariate analyses we had noted 
that three of the possible confounding variables (over¬ 
crowding, any cigarette smoker, nobody employed) 
were significantly associated with presence or absence 
of individual symptoms. Another set of logistic regres¬ 
sion analyses was therefore undertaken in which the 
dependem variables were the six symptoms previously 
shown to be significantly associated with housing 
conditions. After controlling for these three con¬ 
founding variables differences remained significant 
for wheezing, sore throat, persistent headache, fever 
and high temperature, runny nose, and for any 
symptom. Only the main effect of housing conditions 
on cough was no longer significant. 

The relation between housing conditions on the one 
hand and mean number of symptoms and mean health :: 

evaluation score on the other w as further examined in a 
series of analyses of covariance. As before, we took into 
account differences in the length of time at address and 
other housing problems (or cold alone): We also added 
a control for the number of children in the household 
and the adult’s general health questionnaire score 
(included because although it did not differ signifi¬ 
cantly with housing conditions, it was correlated 
highly with both the mean number of symptoms in 
children (r=0*30, p<0*001) and mean child evaluation 
score (r=0*35, p<0 001». Finally, we partialled out 
the effects of cigarette smoking in the household, 
unemployment, low income, and overcrowding. There 
was still a significant effect of housing conditions on the 
mean number of symptoms (6 ranging between 0*10 
and 0*13, p<0*02 to <0 005). Children living in 
mouldy households were reported to have the highest 
number of symptoms and those living in dry house¬ 
holds the fewest. Mean child evaluation score 
remained unrelated to housing conditions. 

Table IV shows the dose-response relation between 
children’s symptoms and increasing severity of damp¬ 
ness, mould growth, and air spore concentration. The 
more serious the dampness the greater the prevalence 
of bodily aches and pains, wheezing, vomiting, sore 
throat, irritability, tiredness, persistent headache, 
fever and high temperature, feeling depressed and 
unhappy, poor appetite, persistent cough* and runny 
nose. Dampness was also associated overall w*ith the 
presence of any symptom. The more severe the mould 
growth the greater the likelihood of wheezing, sore 
throat, irritability, persistent headache, fever and high 
temperature, and runny nose. Mould growth was also 
associated with the presence of any symptom. The 
greater the air spore concentration the greater the 
prevalence of wheezing, irritability, and fever and high 
temperature. 


1676 BMJ volume 298 24 JUNE 1989 

Source: https://www.industrydocuments.ucsf.edu/docs/lgpx0000 


2023510327 




TABLE tv-Children’s Health during past m» toeeks. Dose-response 
relation with damp, mould, and air spore count. Figures are tau c 
values ip values) unless stated oihernnse 


Symptom 

Dampness 

tMaxn*597‘ 

Mould grou th i 
i Max n- 

Alt spore couni 
. Max n-485 i 

Bodilv aches-pains 

0 08 0 006 

-0 01 tO 383) 

-0 011(0 384; 

Diarrhoea 

0 02 0 291 

-0 01 0 386- 

0 01 0 361) 

Wheezing 

0 10 0 005 . 

0 09,0 005) 

0-07*0044) 

Vomiting 

0 06,0 029. 

0 04 i0 106) 

0-03 0 2385 

Sore throat 

0 09 0 020- 

0 14, <0 001) 

0 03V0 264 

Irritability 

0 10 0 004 

0 06 0 040) 

0-0710-033‘. 

Tiredness 

006 0 043} 

0 01(0 365) i 

0 01) 0-351) 

Persistent headaches 

0 12 < 0 0011 

0 09(0 002) 

000(0456) 

Earache 

-0 01.0 549 T 

0 03,0 170) 

-0 04(0130) 

Fever-high temperature 

0 I2t<0 001) 

0-10(0 002)' 

0 06(0 046) 

Feebng depressed- 




unhappy 

0 08 0 007 

0 02 0 237' 

-0 02 0 294 • 

Temper tantrums 

00* 0 159' 

0 061 0 069. 

0 01 0 399* 

Bedweiung 

0 02 0 313) 

000(0 460) 

-001(0 437) 

Poor appetite 

0 08 0 015' 

0 03 0 200) 

0 02,0 336.. 

Persistent cough 

0 111-0 006 

0 06 0 068) 

0 05 0 139) 

Runny nose 

0 08 0 033^ 

0 09.0 023- 

0 06,0 123, 

Any; symptom 

0-08 ‘0 005' 

0 07.0 0m 

0 00.0 492 

Mean No of svmpioms 

r*0 17 .0 0011 

r*0- I4 (0 001 1 

r-0 11 0 010 

Mean No of symptoms 




per child 

r»Q 13(0 001) 

tfO 12(0002) 

r*Q05tO 161) 

Mean health evaluation 




score 

r»008.0 025) 

rw0O7 (0 044) 

r*0 06(0 107) 


Overall, the mean number of symptoms tended to 
increase with greater severity of dampness, mould 
growth, and air spore concentration, whereas the mean 
number of symptoms per child and the mean child 
health evaluation score were related only to greater 
doses of dampness and mould growth. The mean 
number of symptoms per child and the mean child 
health evaluation score were unrelated to the extent of 
air spore concentration. 

The three groups of housing conditions were com¬ 
pared regarding the action taken to deal with children’s 
symptoms during the past two weeks and presence of 
recurrent and Ibngstanding illness. Children in mouldy 
households were more likely to have been given 
medicines (51-8%) than children in damp (43-2%) or 
problem free households (36*4%) (y'= 10*82, df=2, 
p<0 005 ), Other differences did not reach significance. 

Discussion 

Before offering an account of the role of damp and 
mould in the aetiology of symptoms it is necessary to 
consider four types of bias that may invalidate the 
assumption of a causal link between housing com 
ditions and ill health —namely, investigator bias, 
respondent bias, selection bias, and omitted variable 
bias. 

Investigator bias may be dismissed as housing 
conditions and the health of household members were 
independently assessed by two different groups of 
researchers, neither of which included the principal 
investigators. In addition, questionnaires were coded 
and data prepared by workers who were not familiar 
w*ith the objectives of the study . 

Some previous investigations of le housing-health 
relation, particularly those carried out by tenants’ 
groups, have been criticised on the grounds that people 
living in damp and mouldy houses will be inclined to 
exaggerate the extent of their own and their children’s 
health problems. A recent study suggested that the 
observed association between mould and respiratory 
symptoms maybe accounted for by parental awareness 
of mould in the home.* Our reliance on informants’ 
reports about the health of themselves and their 
children was deliberate. We were unconvinced 
about the reliability and appropriateness of diagnostic 
data derived from official records, especially those of 
general practitioners. We thought that it was valid to 
assess health state by means of self reported symptoms 
while at the same time recognising that the likelihood 
of respondent bias was thereby increased. This 


problem was minimised, however, by the use of inde¬ 
pendent, expert assessments of housing conditions. 
Although subjective (self reported) and objective 
(expert) evaluations of the presence of damp and 
mould were significantly and positively associated 
(k=0 26, p<0 001), there was disagreement about 
damp and mould state in 183 (30-7%) of the dwellings. 
Furthermore, respondents could not have been aware 
of the air spore concentration in the building. (The 
association between self reported damp mould and 
spore count, although significant, was not high: 
r=0*14, p<0'001.) Nevertheless, symptoms in both 
children and respondents were related to this measure. 
We also included the general health questionnaire 
score as a covariate when examining the effect of 
housing conditions among children as respondents 
with greater levels of psychological distress tended to 
report more ill health. The mean number of symptoms 
remained significantly higher in damp and mouldy 
dwellings than in dry dwellings. Thus though the 
overall number of symptoms may have been higher 
than would be obtained by an independent observer, 
there is no reason to believe that such a bias affected the 
main findings. 

Another possible source of error is that of selection 
bias. People who already suffer from ill health may 
tend to live in damp or mouldy dwellings: symptoms 
may exist before, rather than be a consequence of, 
living in poor housing conditions. This could happen, 
for example, where the least desirable dwellings were 
allocated to those most in need who* by virtue of low 
income, social circumstances, or medical history, were 
more likely to report ill health. Although housing 
departments may not always act impartially in the 
selection of tenants to households, there is no evidence 
to suggest that they systematically allocate families in 
poorer health to damp and mouldy households. In this 
study families in damp and mouldy dwellings were not 
more likely to have come from previously poor con¬ 
ditions or to have moved for health reasons or to have 
lived a shorter period of time in the dwelling than 
families in dry houses. In addition, many of the 
children in all three housing groups were bom in the 
household in which they were currently living. Thus 
selection bias is highly unlikely to account for the 
findings. 

Omitted variable bias can arise when variables that 
are correlated w ith the major independent variable (in 
this case housing conditions) and have a significant 
(possibly causal) relation with the dependent (outcome) 
variable (such as symptom score) are excluded from the 
analysis. Whereas several factors were significantly 
associated with health state, only cold was also asso¬ 
ciated with housing conditions. Cold stress may 
have made some contribution to the experience of: 
symptoms: a damp house is usually a cold house. 
Unfortunately* we were unable to assess the tempera¬ 
ture of dwellings. We did, however, gather informa¬ 
tion on perceived coldness of the dwelling and this 
variable was included in the covariance analysis. 

In summary, adult respondents living in damp and 
mouldy dwellings were more likely to report nausea, 
vomiting, constipation, blocked nose, breathlessness, 
backache, aching joints, fainting, and bad nerves than 
respondents living in dry dwellings. These differences 
remained after controlling for the respondent’s 
economic position and cigarette smoking. In a more 
extensive covariance analysis respondents living in 
mouldy dwellings were found to have the highest 
number of symptoms even after taking account of 
possible confounding factors such as length of time at 
address, other housing problems, household income, 
economic position* and cigarette smoking. This 
analysis, however, showed that the respondent’s sub¬ 
jective evaluation of health and psychological distress 
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were both unrelated to housing conditions. Increasing 
doses of dampness and mould were especially linked to 
nausea, blocked nose, breathlessness, high blood 
pressure, and bad nerves and to a greater number of 
symptoms and a poorer health evaluation score. 

For children, living in damp and mouldy dwellings 
was associated with a greater prevalence of wheeze, 
sore throat, runny nose, cough, headaches, and fever 
compared with those living in dry dwellings. With the 
exception of cough these differences were unaffected 
by the introduction of controls for smoking in the 
household, employment, and overcrowding. Addi¬ 
tional possible confounding variables were added in an 
analysis of covariance, which still showed a significant 
effect of housing conditions on the mean number of 
symptoms among children in the household. A dose- 
response relation was particularly noted with respect to 
wheeze, sore throat, runny nose, irritability, persistent 
headache, and fever and high temperature. Increasing 
severity of dampness and mould and any symptom, the 
mean number of symptoms (overall and per child), and 
the mean child health evaluation score were also 
associated. 

Several studies have suggested that some varieties of 
fungal spores are allergenic and give rise to respiratory 
conditions. Burr et al identified Penicillium notatum , 
Cladosporium herb arum ^ and A spergiUus species in the 
homes of asthmatic patients and found that the moulds 
gave positive skin test reactions for allergy,’ Fungal 
spores are also believed to affect the respiratory tract 
by producing tissue lesions, by forming saprophytic 
colonies on mucus plugs, and by causing inflammation 
and irritation of nasal and bronchial passages and the 
alveoli.' 

An investigation by May et al found symptoms of 
fever, muscular pain; chest tightness, cough, and 
headache to be directly caused by organic toxic dust 
and suggested that this "pulinonary mycotoxicosis" 
may represent a systemic reaction to inhaled fungal 
toxins.'’ Although their study was concerned w'ith 
acute episodes after exposure to massive doses of 
organic dust; possibly similar, though less severe, 
symptoms occur as a chronic response to prolonged 
exposure to low concentrations of fungal toxins. 

Analysis of the moulds collected from the dwellings 
in our study is still proceeding and a supplementary 
report on the relation of specific moulds to symptoms 
will be prepared. Single dwellings in the study were 
found to be harbouring over 15 species of mould and 
probably some of these would give rise to allergenic or 
toxic reactions, or both. 

Emotional symptoms in children such as irritability 
and unhappiness are probably linked to physical 
symptoms and indicate that the mental health of 
children is also at risk. Some of the adults' symptoms 
are difficult to explain bv reference to mould, though 
aching joints and nausea could both be reactions 
to fungal toxins. Reports of “bad nerves" are not 
surprising where living areas are unpleasant, children 
are sick, and family life may be fraught. Backache and 
constipation are puzzling phenomena and may be 
indirect consequences of conditions in the home. 
Breathlessness and blocked nose may be more closely 
related to low temperature. Increased blood pressure 
and hypoxia have been observed as reactions to cold 
stress. 11 


We have attempted at all stages of this study, which 
is probably the largest of its kmd ever undertaken, to 
refute the null hypothesis—namely, that there is no 
relation between housing conditions and health state. 
To that end, we adopted double-blind interviewing 
procedures, included a wide array of possible con¬ 
founding factors, and used multivariate statistical 
techniques. Having eliminated (as far as possible; 
alternative explanations for our findings, we concluded 
that damp and mouldy dwellings have direct dele¬ 
terious effects on the physical and psychological well¬ 
being of adults and children. Our confidence in this 
conclusion is enhanced in more positive fashion by two 
observations: firstly, the similarity of these findings 
with those reported in our earlier study,' especially 
concerning children’s respiratory symptoms; and, 
secondly, the strong relation between increasing doses 
of adverse housing conditions (dampness, mould 
growth, and air spore concentration) and symptoms of 
ill health, which is unlikely to be the result of 
respondent bias. 

A considerable • body of evidence now exists that 
supports the contention that dampness and mould is 
an important public health issue, not solely for its 
immediate impact but also for the longterm impli¬ 
cations. Poor housing conditions in childhood, for 
example, are associated with higher rates of admission 
to hospital and higher morbidity and mortality in 
adult life." ” Hopefully, planners, policy makers, and 
medical practitioners will now plan concerted joint 
action to eradicate this unacceptable and needless 
health risk. 
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